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formation  flight  trainfr  fvaumtion  FOR  T 17  on 


L INTROOtCnON 

The  formation  flight  'iiainci  (FFT)  * » 
developed  by  the  Uiuted  Stain  Air  Force  to 
ptovtde  student  priori  with  muumum  sensory  cue* 
necessary  to  simulate  the  wmg  component  of 
formation  flight  Ihia  Uatner  is  designed  primarily 
to  provide  undergraduate  pilot  ironing  (ITT) 
students  practice  prior  to  their  first  aircraft 
formation  nde  (Mien  the  FFT  *u  dcugned. 
nearly  all  formation  practice  occurred  m the  T <8 
(the  second  training  aircraft)  <htl>  a lew 
demonstration  rides  were  flown  ui  the  T-J7  (the 
first  training  aucraft)  The  FFT  waa.  therefore, 
designed  as  a ample  low  fidelity  T-38  simulator. 

After  procurement  of  the  FFT.  a ITT  sylabu 
change  resulted  m a considerable  increase  at 
formation  practice  in  the  T-37  F.ven  though 
positive  transfer  had  been  demonstrated  fm  the 
T-38  ei  previous  research  (Reid  A Cyrus.  1974) 
this  syllabus  change  necessitated  an  investigation 
into  the  feasiblity  of  chantdng  to  a T-37 
simulator,  or  to  a general-purpose  formation 
trainer  (not  having  characteristics  representative  of 
any  particular  airplane)  The  current  research  was 
undertaken  as  a preliminary  investigation  into  the 
transfer  effectiveness  of  the  general -purpose  type 
of  formation  trainer. 


II  MFTYtOO 

Subjects 

Sixty-six  students  wete  selected  for  tho  study 
from  UPT  classes  75-05  and  75-07  at  Wi Diana  Air 
Force  Base.  Arizona  The  classes  were  divided  into 
three  study  groups  for  the  T-37  formation  phase 
of  UPT.  At  this  stage  of  training,  the  students  had 
completed  approximately  80  hours  of  flying 
training  m the  T-37  aircraft.  The  sample  was 
restricted  to  United  States  citizens  without 
previous  flying  experience  Subsequent  to  being 
selected  for  the  study,  and  prior  to  the  end  of  the 
study,  five  of  the  students  were  eliminated  from 
UPT  for  reasons  unrelated  to  the  study  Therefore, 
a total  of  61  subjects  participated  in  the  study 

Instructor  Pilots 

Five  instructor  pilots  (IP)  from  the  96th  Flying 
Training  Squadron  were  instructors  in  the  FFT. 
These  instructors  were  selected  according  to  their 


wilmpw«  to  take  oa  an  adAtsuod  duty  and  dreu 
super* tors'  approval  of  thru  reduced  avatlahiity 
far  legulai  flying  duty  They  wrsc  tinned  w FFT 
upnituai  bus  west  showed  so  use  any  uvhruques 
that  (hey  had  prrvsoudy  developed  fot  aucraft 
instruct  son 

tqiopmrat 

The  FFT  a a stmulaoun  system  which  provides 
a re  ah  si  V iwo-ancratt  lot  mat  toe  fh^it  situation 
( Figure  I ) The  tiavset  pnndn  the  student  with  a 
wide  angle  projected  letcvttfcin  picture  of  a Wad 
aircraft  that  la  coottnuoudy  vanaMr  * range, 
relative  bearing  and  rel* live  dllludr  The  ptrture 
of  the  lead  aucraft  can  be  commanded  by  an  IP  to 
perform  uandatd  maneuvers  wFalr  the  student 
attempts  to  man  tain  position  tn  fonMttoa  by 
control  act  loot  (torn  his  own  smiiatrd  aircraft 
cockpit  A delated  description  of  the  FFT  can  be 
found  in  Wood.  Ibpn  OTorsnor.  and  Myers. 
1972  Fot  this  study,  the  FFT  seas  modified  to 
provide  the  student  wdh  a vwud  repre*cnt«t<*t  of 
the  T-37.  hut  (he  student's  cockpit  and  con  noli 
remained  T-38  The  computet  pmpsm  was 
modified  to  make  the  tianet  ~fly“  Ira  like  a T-38. 
with  T-37  control  feel  and  auctaft  dynamics  as  a 
goal  The  model  airplane  was  changed  act  (hat  thr 
vnud  imapr  projected  lot  the  student  was  a T-37 
to  provide  the  same  visual  references  as  hr  would 
use  when  he  transferred  to  the  actual  aircraft 

Procedures 

The  same  three  groups,  complete  random 
design  (Table  1 1 as  used  tn  the  previous  research 
(Reid  A Cyrus.  (974)  was  used  fot  this  experi- 
ment Treatments  were  randomly  atngned  to  the 
groups  as  follows  Group  A was  the  FFT -trained 
or  experimental  group.  Group  B was  a limited 
training  group,  and  Group  C was  an  aircraft  on 
UPT-syDahus-tramed  group 

Five  50-minute  training  sorties,  tn  a block  prtoi 
to  aircraft  practice,  were  used  F-ach  of  the  five 
FFT  sorties  was  instructed  by  a different  IP  in  si 
effort  to  control  fot  differences  m IP  experience 
or  ability. 

All  three  groups  received  at  least  one  airaaft 
orientation  sortie  before  they  received  the  evalua 
tion  check  ride.  Group  A flew  one  sortie  in  the 
T-37  after  completing  the  five  FFT  sorties  The 
purpose  of  this  sortie  was  io  allow  the  student  to 
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Figure  I.  Formation  Outfit  mater 


Table  I.  Number  and  Type  of  Flying  Sortie* 
by  Treatment  Group 


Swniwt 

Aire  ft  ft  AlfCftf  t 

OfNthMt.1  AlfCftn  Ml —1  Ott* 

or« »et  nrT  rat -at  rratataa  *■— 


A.  FFT  5 1 0 I 

B.  Limited  Training  0 10  1 

C.  UPT  Syllabus  0 12  1 


pul  what  he  had  learned  in  the  simulated  flight 
environment  into  the  airplane  context,  Father  a 
sixth  trainer  IP.  or  the  trainer  IP  who  had 
instructed  the  first  FIT  sortie.  Hew  this  aircraft 
sortie  with  the  student  All  maneuvers  were 
demonstrated  and  differences  between  the  FFT 
and  T-37  were  emphasized. 

Group  B received  only  an  aircraft  orientation 
ride.  All  maneuvers  were  demonstrated  and 
explained  during  ihe  orientation  ride.  Thus,  on  the 
following  day  when  a student  was  asked  to 
attempt  a maneuver  on  a data  checkride.  he  at 
least  had  been  shown  die  desired  performance, 
even  though  he  hod  not  hod  an  opportunity  to 
practice. 

Each  Group  C student  Hew  the  first  three  air- 
craft as  if  they  were  not  part  of  a study. 

Tb  le  was  essentially  the  same  as  the  one 

up  A and  B.  except  it  was  flown  with 
tually  assigned  IPs. 

■ were  allowed  to  use  any  sequence  of 

- cuvets  and  instructional  technique  they 
desired,  as  long  as  the  students  wen;  trained  on 
fingertip,  crotsunder.  turning  rejoin,  and  wingwork 
(fingertip  at  15°  to  30°  bank).  The  day  following 
the  aircraft  orientation  ride,  each  student  flew  a 
T-37  check  ride  and  his  ability  to  fly  the  airplane 
through  the  five  basic  maneuvers  was  evaluated. 

Performance  Assessment 

All  groups  were  given  a data  checkride.  The 
checkride  profile  was  a modified  version  of  Ihe 
check  rule  used  for  the  previous  T-38  FFT  study. 
The  modification  was  to  remove  steep  bank  turns 
(60°  to  90°  bank),  echelon  turns  and  straight- 
ahead rejoins  snee  these  maneuvers  are  not  part  of 
the  normal  T-37  syllabus.  The  order  of  the  six 
remaining  basic  formation  maneuvers  was  precisely 
defined  to  prevent  students  from  having  different 
amounts  of  practice  prior  to  evaluation.  When 
operational  restrictions  prohibited  the  flying  of 
the  profile  as  defined,  the  IP  took  control  of  the 
aircraft  until  the  profile  could  be  executed.  Check 
IPs  were  asked  not  to  instruct  on  any  maneuver 
until  after  check  ride  completion.  The  lead  aircraft 
was  always  flown  by  an  IP  rather  than  a student  to 
insure  that  lead  was  as  stable  as  possible  for 
students  flying  wing.  The  data  check  ride  was  not 
part  of  the  normal  training  program  and  was 
inserted  at  the  appropriate  time  according  to 
which  study  group  the  student  was  assigned. 


Maneuver  grades  were  assigned  by  IPs  using  a 
1 2 -point  grading  scale  developed  by  expanding  the 
existing  4-point  UPT  grading  scale  The  12-point 
scale  was  defined  as  follows 

1.  Instructor  had  to  assume  control  almost 
immediately  to  avoid  collision 

2.  Instructor  eventually  had  to  assume 
control  as  performance  deteriorated 

3.  Instructor  never  asumed  control:  how- 
ever. performance  was  still  unsatisfactory. 

4.  Performance  very  rough,  however,  instruc- 
tor found  that  verbal  assistance  corrected  problem 

5.  Performance  rough -minimal  verbal 
assistance  would  correct  problem 

6.  Performance  rough,  however.  •’O  verbal 
assistance  necessary  practice  diould  improve 
performance. 

7.  Performance  somewhat  smoother  than  an 
F student,  however,  becomes  tough  after  short 
time. 


8.  Performance  somewhat  smooth  but 
continuously  passes  through  denied  position 

9.  Performance  smooth,  deviations  from 
desired  position  last  several  seconds 

10.  Performance  very  smooth,  after  devia- 
tions. aircraft  returned  to  position  quickly. 

11.  Performance  very  smooth,  deviations  are 
small  and  aggressively  corrected. 

1J.  No  deviations  noted:  perfect  position 
maintained. 


The  grade  assigned  each  maneuver  w as  obtained  by 
averaging  two  attempts  at  each  one  (once  each 
direction  or  on  each  side). 


The  grade  for  each  student's  data  check  ride 
was  derived  by  multiplying  each  maneuver  grade 
by  a weight  extracted  from  the  operational  ATC 
Checkrides.  These  weights  account  for  the  varying 
difficulty  and  importance  of  the  maneuvers  to  the 
entire  operational  task.  The  nine  maneuver  grades 
were  then  summed  and  transformed  to  standard 
scores  with  a sigma  of  ten  and  a X of  50. 
(Guilford.  I%5).  The  equation  used  was 


T=  10 


♦ 50 
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XQ  = Mean  grade  assigned  by  a particular  check 
pilot. 

oo  = Standard  deviation  of  grades  assigned  by  a 
particular  check  pilot. 

XQ  = Observed  grade  for  one  student  by  a 
particualr  check  pilot. 


ID.  RESULTS 

The  data  check  ride  grades  for  the  three  groups 
were  analyzed  by  a oneway  analysis  of  variance 
(Table  2).  The  differences  between  the  groups 
were  statistically  significant  F(2,58)  = 20.3, 
p < .05.  Calculation  of  an  Omega  Square  indicates 
that  the  treatment  effect  accounted  for  38.75%  of 
the  variance. 


Table  2.  Analysis  of  Variance: 
Aircraft  Performance  Scores 


Sourca 

OF 

MS 

F 

Between  Groups 

2 

1,112.06 

20.3* 

Within  Groups 

58 

54.77 

Total 

60 

*p  < .05. 


Subsequent  to  the  analysis  of  variance,  an  “a 
posteriori'test”  (Tukey’s  HSD),  was  performed  to 
ascertain  statistical  significance  for  between-group 
comparisons  (Kirk,  1968).  As  indicated  in  Table  3. 
the  UPT  syllabus-trained  group  (Group  C)  scored 
higher  than  both  the  limited  training  group  (Group 
B),  and  the  FFT-trained  group  (Group  A).  The 
mean  for  the  FFT-trained  group  was  higher  than 


Table  3.  Differences  Among  Means  of  Performance  Scores 


Groups 

xc 

(Limited  Training)  = 44.37 

— 

3.33 

14.36* 

XA 

(FFT)  = 47.7 

- 

- 

1 1 .03* 

Xc 

(UPT  SyDabus)  = 58.73 

— 

- 

- 

Not*.  — N = 61. 

•o<  05. 

the  mean  for  the  limited  training  group,  but  the 
difference  was  not  found  to  be  significant  at  the 
.05  level  (the  difference  is  significant  for  p < .16). 


IV.  DISCUSSION 

The  present  study  was  conducted  to  provide  a 
preliminary  look  at  the  feasibility  of  using  a 
general-purpose  trainer  rather  than  an 
aircraft -specific  simulator  to  provide  formation 
practice  for  UPT  students. 

The  desirability  of  doing  the  study  and  the 
structure  of  it  were  precipitated  by  events  in 
operational  undergraduate  pilot  training.  For 
example,  the  reason  for  such  a large  jump  to  use  a 
degraded  T-38  trainer  for  T-37  training  was 
directed  toward  the  operational  question  “If  Air 
Training  Command  purchased  T-38  formation 
trainers,  could  they  also  be  used  in  the  T-37  phase 
of  UPT?”  This  jump,  unfortunately,  is  a source  of 
confounding  in  comparing  the  previous  T-38  study 
with  the  current  study  because  of  the  difference  in 
the  experience  between  T-37  and  T-38  students. 


On  the  other  hand,  these  two  studies  do  provide 
the  ends  of  a fidelity  /student  continuum,  and  the 
direction  of  the  studies  to  provide  the  data  points 
in  between  can  be  responsive  to  operational  Air 
Force  needs. 

The  results  obtained  in  this  study  appear  to 
support  the  premise  that  FFT  training  does  have 
positive  transfer  to  aircraft  formation  flying.  The 
inability  of  the  FFT-trained  students  to  approach 
the  performance  of  aircraft-trained  students  can  be 
explained  by  the  experience  level  of  the  students. 
This  is  strongly  indicated  by  comparing  the  Omega 
Square  for  the  T-38  and  T-37  studies.  This  value  is 
a measure  of  how  much  of  the  variance  in  the  data 
is  attributable  to  the  treatment  variable.  In  these 
studies,  the  treatment  variable  is  training  (aircraft 
and  FFT).  In  Parts  I and  II,  of  the  T-38  study, 
15.7%  and  17.5%  respectively,  of  the  variance  was 
accounted  for  by  training;  while  in  the  T-37  study, 
38.76%  of  the  variance  was  accounted  for  by 
training.  It  follows  then  that  the  T-37  students 
were  much  more  influenced  by  training  than  the 
students  in  the  T-38  study.  While  the  FFT-trained 
students’  performance  was  not  statistically 


different  (p  < .05)  than  the  performance  of  the 
minimally  trained  group,  their  mean  score  was 
higher.  Therefore,  the  direction  of  all  the 
differences  in  this  study  correspond  to  the  findings 
of  the  T-38  study,  and  most  of  the  differences  in 
magnitude  appear  to  be  related  to  stage  of  train- 
ing. Conclusive  evidence  of  this  hypothesis  awaits 
follow-on  studies  using  varying  amounts  of  FFT 
traihing  for  T-37  students. 


A clear  understanding  of  the  role  of  the 
general-purpose  FFT  versus  the  aircraft-specific 
simulator  must  also  await  additional  research.  In 
addition  to  the  studies  varying  the  amount  of  FFT 
training  for  T-37  students,  similar  studies  must  be 
conducted  in  the  T-38  phase  of  training,  using 
degraded  FFT  performance. 
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